The macronutrient composition of teff-based complementary foods (ComFs) prepared through extrusion cooking and a combination of household-level strategies were evaluated. In extrusion, teff, soybean and orange-fleshed sweet potato were separately processed into their respective flours and composited in a percentage ratio of 70:20:10, respectively. It was then extruded into a complementary food (ComF1). In the case of household-level methods, portions of teff grains separately germinated for 24 and 48 h were dried and ground to fine flours. Similarly, small portions of soybean grains were separately blanched and roasted; then each were ground to fine flour. Four ComFs (ComF2, ComF3, ComF4, ComF5) were developed by blending flours of ungerminated teff, germinated teff, blanched or roasted soybean and sweet potato using the 70:20:10 ratio. The extrusion cooked ComF had significantly (p < 0.05) high protein (17.92 g/100 g) while the household-level ComFs had lower protein contents. Energy content of the ComFs ranged from 391.63 to 400.60 kcal/100 g. All ComFs met the requirements of protein and energy for 6 to 8 month-old infants. There was no significant difference in the dietary fiber contents of the developed complementary foods despite increased values of insoluble dietary fiber due to germination of teff and blanching or roasting of soybean. The study revealed the potential of developing complementary foods from teff-soybean-sweet potato blends with improved protein and energy contents.
(thermocouples) and a water cooling system. The extrusion temperature is controlled by a Eurotherm controller (Eurotherm Ltd., Worthing, U.K.). The composite flour was manually transferred to the feed hopper and then automatically conveyed into the extruder inlet by a twin-screw volumetric feeder (type K-MV-KT20). Tap water was injected into the extruder close to the feed section of the extruder barrel via an inlet port by a metering pump (DKM-Clextral) where the volume of the water is read in units of stroke. A die plate with four circular openings each with a diameter of 3 mm was used. Both the feeder and the pump were calibrated prior to running the extrusion to determine the set points required for desired flow rates of flour and water, respectively. The extrusion operating conditions were moisture content (22%), barrel temperature (120 °C) and screw speed (200 rpm) selected based on recommended values in the literature and a preliminary experiment. The feed rate was maintained constant at 64 g/min. Three extrusion runs were performed. Finally, the extrudates were ground using a laboratory-scale mill (Type ZM 100, F. Kurt Retsch GmbH & Co.KG, Germany) fitted with a 0.5 mm sieve. The product was a pre-cooked complementary food (ComF1). It was stored in a cold room until laboratory analysis was carried out.
Household-level Approach: Combined Strategies
Teff grains were germinated following the method described by Badau, JideanI, & Nkama (2006) for finger millets with some modifications. The grains were cleaned, washed and rinsed first in distilled water and then in 5% (w/v) sodium chloride solution to disinfect them. The grains were then soaked in distilled water for 12 h using a ratio of 1:3 (grain:water; w/v) in a small plastic bucket. The soaking water was changed in four hours interval. After soaking, the water was drained off and the grains separated into two portions, spread on and covered with a moistened cotton cloth and allowed to germinate at room temperature (25 ± 2 º C) for two durations, 24 h and 48 h. At the end of the germination period, the grains were dried in a drying oven at 70 º C for 8 h. The vegetative parts were discarded by gentle abrasion between hands followed by manual sieving. Soybean grains were processed using two different methods: blanching and roasting. Blanching was conducted according to the method described by Iombor, Umoh, & Olakumi (2009) . The grains were cleaned and then blanched in a boiling pot (model RE300B, Bibby Sterlin Ltd, UK) at 100 º C for 10 min (1:5 ratio of seeds to boiling water). The blanched grains were drained, cooled to room temperature, manually dehulled and rinsed to remove the seed coat. The rinsed seeds were then oven dried at 80 º C for 5 h. Roasting was carried out in a mini baking oven according to the WFP procedure (WFP, 2004) , at 170 º C for 15 min, used in the production of Super Cereal (corn soya blend). The roasted grains were then dehulled using a lab-scale decorticator (Alvan Blanch, England) and the hulls manually removed. The clean teff and soybean grains were finally ground to fine flour using a laboratory-scale mill (Type ZM 100, F. Kurt Retsch GmbH & Co.KG, Germany). Sweet potato tubers were processed the same way as done for extrusion cooking (Section 2.2.1). Some part of the flour samples were blended to get the final complementary foods (Section 2.3) while a small portion of each of them (germinated teff, blanched soybean, roasted soybean, processed sweet potato) were left for analysis of their composition. All samples were packaged in ziplock polyethylene bags, labelled and stored in a cold room (10 °C) until laboratory analysis.
Formulation of the Complementary Foods
The formulation of the complementary foods was performed using previously published nutrient compositions of the respective raw materials (teff, soybean, sweet potato) so as to approximately meet recommended levels of some vital nutrients (protein, fat, vitamin A) and energy that are suggested in some guidelines for complementary foods for infants and children (Codex Alimentarius Commission, 1991; WFP, 2014) . A computer programme known as NutriSurvey for Windows (ProNut-HIV, 2005) , was used to approximate the above-mentioned nutrients. The recommendation to use a blend formulation of 75% cereal and 25% legume in the formulation of infant complementary foods (Gopaldas, 1991; Plahar, Okezie, & Gyato, 2003) was taken into account at the beginning of the formulation. The addition of the sweet potato (10%) was meant to increase the vitamin A level of the complementary foods as it is a rich source of β-carotene (precursor of vitamin A) . Accordingly, the percentage proportion of 70:20:10 for teff, soybean and sweet potato, respectively, was found to closely meet the recommendations and thus employed in the formulation of the complementary foods (refer to Table 1). In case of the industrial-level approach (extrusion cooking), the flours from teff, soybean and sweet potato (Section 2.2.1) were mixed to obtain a composite flour using the above-mentioned proportion, 70:20:10, respectively. This composite flour was finally extruded into ComF1. Some part of each flour was kept for analysis of the ingredients themselves.
Meanwhile, the flour samples prepared using the combined household-level methods (germinated teff, blanched soybean, roasted soybean, processed sweet potato) and also ungerminated teff were blended to produce complementary foods using the same proportion (70:20:10) employed in extrusion cooking. However, in this approach, 10% of the germinated teff flour was used thus reducing the ungerminated teff to 60%. This was based on the fact that addition of a small quantity of germinated flour (amylase-rich flour) reduces the dietary bulk (gruel viscosity) and increases energy density of a complementary food (Gopaldas, Mehta, Patil, & Gandhi, 1986; Hossain, Wahed, & Ahmed, 2015) . Moreover, the fact that germination leads to a significant loss of dry matter due to oxidation and leaching, was taken into account (Egli, 2001) . In this case, four household-level complementary foods (ComF2, ComF3, ComF4 and ComF5) were developed through blending of the ingredients mentioned above. The mixing was carried out first manually with the help of a ladle in a plastic bowel and then using a laboratory-scale mixer (model B20-B, H.L Universal Mixing Machine, China) for 15 min (at position 2) to ensure homogeneity of the blends.
Laboratory Analysis
The macronutrient composition of the flour samples of each ingredient and those of the developed complementary foods were analyzed according to AOAC International standard methods (AOAC International, 2000) . Moisture content was determined by the air-oven method using a hot-air circulating oven (method #925.09). Ash content was determined through incineration (550 º C) of a known weight of sample in a muffle furnace (method #923.03). Crude protein was determined by the micro-Kjeldahl method (method #979.09). The crude protein was obtained by multiplying the corresponding total nitrogen content by a factor of 6.25 (FAO, 2003) . Crude fat was determined by extracting a known weight of sample in petroleum ether (boiling point, 40 to 60 °C) in a Soxhlet extractor (method #930.09). Crude fiber content was determined following method #962.09. Available carbohydrate was obtained by difference while energy was calculated using the Atwater's calorie conversion factors: 4 kcal/g for crude protein, 9 kcal/g for crude fat and 4 kcal/g for available carbohydrate (FAO, 2003) . The dietary fiber contents (soluble, insoluble and total) were measured using the enzymatic-gravimetric method as described in the AOAC method #991.43 and AACC method #32-05-01 as described in the Megazyme Assay Procedure: K-TDFR 06/14 (Megazyme International, 2013) . The water-soluble and water-insoluble fractions were determined through digestion with enzymes. A 0.5 g of the sample was weighed followed by addition of 50 ml of phosphate buffer. Then enzymatic hydrolysis of starch and protein was carried out through a sequential addition of three enzymes: α-amylase (50 μl, 95 °C, 30 min, pH 6.0), protease (100 μl, 60 °C, 30 min, pH 7.5) and amyloglucosidase (200 μl, 60 °C, 30 min, pH 4.5). Insoluble dietary fiber was recovered by filtration using celite as the filter aid. Soluble dietary fiber was then precipitated from the filtrate with 15 ml each of 78% ethanol, 96% ethanol and acetone. The fiber values were corrected for indigestible protein (N x 6.25) through determination by the Kjeldahl method and ash which was determined by ignition at 525 °C for 8 h. The total dietary fiber was calculated as the sum of the soluble and insoluble fractions.
Statistical Analysis
One-way analysis of variance (ANOVA) was applied to the data by the use of IBM SPSS for Windows (version 21). The significant difference was analyzed by Tukey's HSD (honest significant difference) test. The level of significance was set at 5% probability level.
Results and Discussion
The results for macronutrient composition of the ingredients used for formulating the complementary foods are shown in Table 2 . The moisture and ash contents were in the range of 2.51 to 7.36 and 2.12 to 5.03 g/100 g, respectively. The ash content in a given food sample indicates the level of minerals present (Kavitha & Parimalavalli, 2014) . It was affected by the processes employed. Germination of teff, both for 24 and 48 h, had significantly (p < 0.05) decreased the ash content. As it was found out in an earlier research, this decrease might be due to leaching of minerals during washing and soaking of the grains (Inyang & Zakari, 2008) . However, ash content of soybean significantly increased due to blanching (Ugwuona, Awogbenja, & Ogara, 2012) and roasting (Kavitha & Parimalavalli, 2014 ) which could be due to volatilization of the organic matter. As expected, significantly high crude protein (p < 0.05) was found for the unprocessed soybean (34.57 g/100 g), very close to that reported by Anuonye et al. (2010) . The blanched or roasted soybean also gave slightly higher protein contents of 35.59 and 36.22 g/100 g, respectively. The lowest value of protein was that of the sweet potato (5.70 g/100 g) which is nearly similar to what was reported by Omodamiro et al. (2013) for some varieties of sweet potato. A similar trend was also observed for crude fat. The highest crude fat (22.99 g/100 g) was found in unprocessed soybean which agrees with the available literature (Anuonye et al., 2010) whereas the lowest was recorded for sweet potato (0.84 g/100 g). Germination of teff, both for 24 and 48 h, had significantly (p < 0.05) decreased the crude fat contents. Similar results were found by Megat Rusydi, Noraliza, Azrina, & Zulkhairi (2011) for some legumes and rice varieties. The decrease in fat content might be due to the increased activities of the lipolytic enzymes which hydrolyze fats to fatty acids and glycerol during germination (Kavitha & Parimalavalli, 2014) .The fatty acids are further oxidized to carbon dioxide and water to generate energy for the germination process (Hahm, Park, & Martin Lo, 2009 ). Blanching or roasting of soybean had also significantly (p < 0.05) reduced fat contents which could be due to loss of some fat during the heating process; especially, the reduction caused by roasting was very high. Values are mean ± standard deviation of three independent determinations on dry matter basis. The different superscripts in the same column with different letters are significantly different (p < 0.05).
CHO -Carbohydrate
Crude fiber contents ranged from 3.76 for sweet potato to 5.76 g/100 g for roasted soybean. There was a significant increase due to germination of teff which could be, as reported by Megat et al. (2016) , because of synthesis of new polysaccharides during the process. Only a slight change was observed from blanching or roasting of soybean. The sweet potato gave the highest value of carbohydrate (86.09 g/100 g), which is in good agreement with a previous report (Oke & Workneh, 2013) followed by those of 48 h and 24 h germinated teff with 82.05 and 79.78 kcal/100 g, respectively. The significant increase in the carbohydrate content of soybean after blanching or roasting could be due to starch hydrolysis to simple sugars. This increase in carbohydrate content is advantageous in infant feeding from a number of perspectives. On one hand, the molecules are more soluble in water, and on the other, the porridges from the resulting final blends would be of lower viscosity and thus need less water for dilution thereby preventing nutrient and energy thinning (Amagloh et al., 2013) .
Similarly, the macronutrient composition of the complementary foods are presented in Table 3 . No significant difference (p > 0.05) was found in the moisture and crude fiber contents of the complementary foods, but they are lying within the range prescribed for complementary foods (Codex Alimentarius Commission, 1991; WFP, 2014) . The industrial-level complementary food (ComF1) had the lowest ash content (3.20 g/100 g) compared to those of the household-level complementary foods (ComF2 to ComF5). Minerals are heat stable and thus unlikely to be lost by the extrusion process (Singh, Gamlath, & Wakeling, 2007) . Thus the reduction in the mineral content of ComF1 could probably be because of physical loss of some minerals during the extrusion process as suggested by Reddy & Love (1999) who reported that milling and extrusion can cause physical removal of minerals during processing. The highest ash contents were obtained for ComF3 (3.55 g/100 g) and ComF5 (3.56 g/100 g) which could be due to the increased ash contents in the roasted soybean ( Table 2) .
The industrial-level complementary food (ComF1) had significantly higher (p < 0.05) protein content (17.92 g/100 g). Obatolu et al. (2000) reported that such an increase in protein content could be because of denaturation of protein molecules as a result of the high extrusion temperature and that this makes the protein molecules more susceptible to proteolysis thereby improving protein digestibility. There is no significant difference (p > 0.05) in the protein content among the household-level complementary foods, the values ranging from 13.30 to 13.53 g/100 g. However, all the complementary foods can closely meet the recommended protein content (15 g/100 g) (Codex Alimentarius Commission, 1991). The fat contents of all complementary foods were within the range prescribed for complementary foods (6 g/100 g) as described in the WFP technical specifications for the manufacture of Super Cereal (Corn-Soya-Blend) (WFP, 2014) . It can be seen that the fat contents are safer both from nutrition and shelf stability point of view. The fat content of ComF1 (6.22 g/100) was significantly higher (p < 0.05) compared to those of ComF3 (4.69 g/100) and ComF5 (4.68 g/100 g) while it had no difference from those of ComF2 (5.83 g/100 ) and ComF4 (5.80 g/100). (Amagloh, 2012) A high fat content in a complementary food provides more energy to the infant. However, if it exceeds the desirable level, it would be disadvantageous for stability of the product as the unsaturated fatty acids are vulnerable to oxidative rancidity (Lohia & Udipi, 2015) that would shorten its shelf life. On the other hand, a lower fat content in complementary foods results in a poor energy density which is an issue of a big concern in complementary feeding (Suri, Tano-Debrah, & Ghosh, 2014) . For 6 to 8 month-old infants in low-income countries, the required percentage of energy from fat in complementary foods is 0-34% depending on the level of breast milk intake and the fat content of the breast milk. Fat is important in the diets of infants and young children because it provides essential fatty acids, facilitates absorption of fat soluble vitamins, and enhances dietary energy density and sensory qualities (Pan American Health Organization (PAHO) and World Health Organization (WHO), 2001). The carbohydrate contents of the complementary foods are in the range of 68.23 g/100 g to 74.10 g/100 within the range recommended (60-75 g/100) for infants and children (Amagloh, 2012) . The gross energy contents of all complementary foods are very close to that recommended in the Codex standard (400 kcal/100 g) (Codex Alimentarius Commission, 1991) . The lower energy contents of comF3 and ComF5 are results of the corresponding lower values of crude fat.
The dietary fiber contents of the flour samples used in the development of the complementary foods are presented in Table 4 . Dietary fibers are parts of plant materials that are not digested by the endogenous secretions of the human digestive tracts (Azizah & Zainon, 1997) . They include cellulose, non-cellulosic polysaccharides such as hemicellulose, pectic substances, gums, mucilages and a non-carbohydrate component lignin and are subdivided into water-soluble and water-insoluble fractions (Dhingra, Michael, & Rajput, 2012; Ötles & Ozgoz, 2014) . Soluble fibers dissolve in water and form viscous gels. They bypass the digestion of the small intestine and are easily fermented by the microflora of the large intestine. However, insoluble fibers do not dissolve in water and fermentation is limited (Ötles & Ozgoz, 2014) .
No significant difference (p > 0.05) was found in the soluble dietary fiber (SDF) contents of the ingredients used for developing the complementary foods. Very low SDF were obtained ranging from 0.55 to 1.35 g/100 g. That is, both germination of teff and blanching or roasting of soybean didn't significantly affect the SDF values. The highest SDF (3.57 g/100 g) was obtained for sweet potato which is an indication that orange-fleshed sweet potato is a rich source of SDF. This finding agrees with the work of Astawan & Widowati (2011) who reported dietary fibers contents for different varieties of sweet potato. The values for insoluble dietary fiber (IDF) varied to some extent though there were no detectable trends. Germination of teff for 48 h and blanching of soybean had significantly (p < 0.05) increased the IDF, 10.26 and 16.74 g/100 g, respectively. A similar trend of increment in dietary fiber values were obtained for some germinated legumes in a previous study (Benitez et al., 2013) . The increase in dietary fiber after germination is, according to a previous report, due to synthesis of new polysaccharides (Megat et al., 2016) . There was no significant difference in the IDF contents of the unprocessed soybean (11.50 g/100 g) and roasted soybean (12.22 g/100 g) whereas the blanched soybean had significantly higher IDF content (17.30 g/100 g). A similar trend was observed by Azizah & Zainon (1997) for boiled soybean. They reported that boiling significantly increased the IDF content of soybean and this may be attributed to the production of Maillard reaction products due to the high protein content of soybean. The lowest IDF value was that of sweet potato (5.59 g/100 g). A similar trend, as for the IDF, was found for the total dietary fiber (TDF) of the flour samples. The lowest TDF was obtained for the ungerminated teff (8.63 g/100 g) whereas the highest was that of the blanched soybean (17.30 g/100 g). The dietary fiber results for the developed complementary foods are presented in Table 5 . All soluble, insoluble and total dietary fiber contents didn't show significant variation (p > 0.05) among all the complementary foods.
The SDF values were in the range of 0.97 to 1.13 g/100 g and are very low compared to the 1:4 or 1:3 (soluble to insoluble dietary fiber) recommendation (Williams, 1995) whereas the IDF values ranged from 8.23 to 9.66 g/100 g which is largely a contribution from the soybean ingredients and also to some extent from teff components. The TDF values are close to the recommended value of about 10 g/100 g (Egli, 2001; Williams, 1995) which represents a safe and tolerable level for most children. This higher level of TDF could be attributed to the higher IDF values in soybean and teff grains ( Table 4) . (Egli, 2001) According to earlier reports (Agostoni, Riva, & Giovannini, 1995; Brooks, Mongeau, Deeks, & Lampi, 2006) , dietary fiber has a number of health benefits during early and future lives of a child. Although there are no specific recommendations as such, both soluble and insoluble fibers are strongly associated with improving health issues and are recommended to be taken in generous amounts (Williams, 1995) . Soluble fibers serve as substrate for health-promoting bacteria (lactobacilli and bifidobacteria) (Anderson et al., 2009; Gustafson & Anderson, 1994) . They also increase fecal mass and their fermentation byproducts have a laxative effect (Williams, 1995) . Insoluble fibers soften and enlarge the stool in the colon by absorbing water, increasing bacterial proliferation and gas reduction all of which resulting in decreasing stool transit time and increasing frequency of bowel movements. Generally, consumption of foods with good dietary fiber content are associated with a higher satiety, lower incidences of obesity and improved micronutrient intake in children (Brooks et al., 2006) . Thus, it is important that infants be fed with weaning foods that contain enough dietary fibers so that tastes and eating patterns become established as early as possible (Brooks et al., 2006) . However, despite all these benefits of dietary fiber, presence of excess dietary fiber in weaning foods may have undesirable effects such as lower caloric density and irritation of the gut mucosa (Asma, El Fadil, & El Tinay, 2006) . Dietary fiber may also prevent bioavailability of minerals as high-fiber foods may contain phytates and oxalates that can form insoluble compounds with minerals, thereby preventing normal absorption and metabolism (Williams, 1995) . However, decreased bioavailability of minerals is likely to occur only when mineral intake is inadequate (Asma et al., 2006) . Nonetheless, the desirable or optimal level of dietary fiber content that should be present in the foods of infants and children is not yet clearly defined as there are varying reports in the literature showing the need for further investigations on the subject (Egli, 2001 ).
Conclusion
In low-income countries, the complementary feeding period has been observed to be a very vulnerable period in one's life. It is the period when the PEM disorder begins and affects the normal growth and development of an infant. In addition to the lack of protein-and energy-rich foods, there are a number of factors contributing to the problem and the consequences are multidimensional ultimately affecting the socio-economic aspects of a given community and the nation at large.
The problem of malnutrition among infants and children in resource-poor communities can be tackled through appropriately feeding the infant using locally available materials and practices. Complementary foods prepared from blends of teff, soybean and orange-fleshed sweet potato, either through extrusion cooking or a combination of household practices (soaking, germination, blanching, roasting, dehulling, milling, blending) can meet recommended levels of protein, energy and other nutrients to a 6 to 8 month-old infant. Both the compositing of the raw materials and processes employed (industrial level and household level) resulted in improved macronutrient compositions of the developed complementary foods. Rural communities in the Sub-Saharan Africa, especially Ethiopia, can acquire a multitude of benefits by using the composite flours to prepare complementary foods for their infants and children as the raw materials are locally available and the processing approaches are easily applicable at home-and/or community-level.
